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Abstract

Background: An elevated risk of developing non-
Hodgkin’s lymphoma (NHL) has been associated with
a family history of NHL and several other malignancies,
but the magnitude of risks and mechanisms are un-
certain. Methods: We used self-reported family history
data from a recent multicenter U.S.-based case-control
studies of NHL to evaluate familial aggregation of NHL
with various hematolymphoproliferative and other can-
cers. Estimates of familial aggregation were obtained
as hazard ratios (HR) that compare incidence of different
cancers in first-degree relatives of NHL cases with that
in the first-degree relatives of NHL controls. Limitations
of the study included low participation rates (76% for
cases and 52% for controls) and potential differential
accuracy of recall. Results: Risk of NHL was elevated in
relatives of NHL cases [HR, 2.9; 95% confidence interval
(95% CI), 0.95–8.53]; the aggregation seems to be stronger

for siblings (HR, 7.6; 95% CI, 0.98–58.8) and for male
relatives (HR, 6.2; 95% CI, 0.77–50.0). Risk of Hodgkin’s
lymphoma seems to be also elevated among relatives
of early-onset (<50 years) NHL cases (HR, 3.2; 95% CI,
0.88–11.6). Evaluation of family history of other cancers
provided modest evidence for an increased risk of mela-
noma of the skin (HR, 2.9; 95% CI, 1.08–7.75), pancreatic
cancer (HR, 2.1; 95% CI, 0.96–4.43), stomach cancer (HR,
1.8; 95% CI, 0.91–3.63), and prostate cancer (HR, 1.3; 95%
CI, 0.87–1.99). Conclusions: These results are consistent
with previous findings of familial aggregation of NHL,
Hodgkin’s lymphoma, and a few other cancers. The pat-
tern of male-specific and sibling-specific familial ag-
gregation of NHL we observed, if confirmed, may shed
new light on the possible mechanisms that underlie
familial aggregation of the disease. (Cancer Epidemiol
Biomarkers Prev 2004;13(9):1415–21)

Introduction

Over the last several decades in the United States, the
annual age-adjusted incidence rate (per 100,000 person
years) of non-Hodgkin’s lymphoma (NHL) has increased
>75% from 11.1 in 1975 to 19.8 in 1995 (1). Since 1995, the
incidence has remained relatively steady. Although the
exact cause of this increase has not been determined,
some evidence has accumulated to suggest that most
of this increase is real rather than a simple artifact of
diagnosis or classification (2).

Against this backdrop of changing incidence patterns,
relatively little is known regarding the etiology of NHL.
Several viruses are involved in the etiology of specific
rare subtypes of NHL, such as human T-cell lympho-

trophic virus I and adult T-cell leukemia/lymphoma
(3, 4). Immune dysfunction/suppression substantially
increases the subsequent risk of NHL (5). In addition,
people with a history of malignant disease seem to be
at increased risk of NHL (6-8). However, these known
risk factors account for only a small proportion of the
total NHL cases that occur annually in the United States.

There is mounting evidence that a family history of
hematolymphoproliferative cancers is associated with
an increased risk of NHL (9-15). Other studies, designed
primarily to evaluate other risk factors, have suggested
that a family history of lymphatic or hematologic cancer
modifies the effects of alcohol (9), vitamin C and carotene
(16), pesticides (17), and homosexual behavior and he-
roin use (18) on the subsequent development of NHL.
These findings underline the importance of furthering
our understanding of the exact role that family history of
cancer plays in the development of NHL.

This article reports on a population-based case-control
study of NHL conducted within the Surveillance, Epide-
miology, and End Results Program of the National Can-
cer Institute. Our primary goal was to measure the extent
and heterogeneity of familial aggregation of NHL. We
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also estimated the co-occurrence of NHL with other
hematolymphoproliferative cancers within families and
explored the possible familial aggregation with solid
tumors.

Methods

The study population comprised four areas of the United
States served by National Cancer Institute-sponsored
Surveillance, Epidemiology, and End Results registries:
the Detroit metropolitan area (Macomb, Oakland, and
Wayne Counties), 13 contiguous counties in northwest-
ern Washington State, the state of Iowa, and Los Angeles
County (1). Each of the four Surveillance, Epidemiology,
and End Results registries identified all residents ages
20 to 74 years who had a first primary diagnosis of
NHL. All cases were histologically confirmed and were
coded at each registry according to the International
Classification of Diseases for Oncology, Second Edition . Based
on these codes, four NHL subtypes were defined (diffuse,
follicular, T cell, and all other) without further central
review. HIV-infected cases were excluded from study.

Eligible cases were residents newly diagnosed during
the period from July 1, 1998 to June 30, 2000 who were
alive and competent to participate. In Iowa and Seattle,
all consecutive cases were chosen. In Los Angeles and
Detroit, all African American cases and a random sam-
ple of White cases were eligible for study, allowing for
oversampling of African American cases than would
arise in a simple series. Cases were identified through
rapid reporting mechanism at each registry. Study staff
sent a letter to the patient’s attending physician explain-
ing the study and the eligibility criteria. In some in-
stances, the physician requested that the patient not be
contacted (physician refusal).

Population controls were selected from area residents
ages 20 to 74 years with no previous diagnosis of NHL
or HIV infection. To select controls under age 65 years,
we used one-step list-assisted random digit dialing
(19). Accounting for nonworking numbers, we calculated
that 78.5% of the telephone numbers belonging to resi-
dences yielded a roster of individuals in the household.
From these households, we selected potential controls
at random, stratified on geographic area, age, and race.
Controls ages 65 to 74 years were identified from
Medicare eligibility files.

Data collection included multiple components. Before
the home visit, subjects were mailed a form for record-
ing their residences and jobs year by year and one of two
self-administered questionnaires. All African American
subjects and half of other subjects were sent a detailed
family and medical questionnaire, the basis of the present
analysis, whereas the others were sent a dietary ques-
tionnaire. During the home visit, the interviewer collected
carpet dust, a blood or saliva sample, and (from a few
subjects in Iowa on private wells) drinking water samples
and administered one of two versions of a computer-
assisted personal interview, corresponding to the two
forms of the self-administered questionnaire. Subjects
who had received the detailed self-administered family
history questionnaire were queried on personal medical
history and illicit drug use. Subjects who had received the
dietary questionnaire were queried on an abbreviated

medical and family history, sunlight exposures, cell
phone use, allergies, and hobbies. All respondents were
asked a core set of questions: demographic character-
istics, hair coloring, occupational history, and a detailed
history of residences occupied since 1970. Subjects were
given a cash token of appreciation for their participation
(varying from 5 to 50 dollars depending on location).
Pathology specimens were sought for all cases.

Written informed consent was obtained during the
home visit. Participants were asked if they wished to
participate in each study component; separately, that is,
for interview, blood sample, buccal sample, dust sample,
and self-administered questionnaire.

Of the 2,248 eligible cases, 320 (14%) died before we
could interview them, 127 (6%) could not be found, 16
(1%) had moved out of the area, and 57 (3%) had phy-
sician refusals. We contacted the remaining 1,728, but
274 (16%) declined to be interviewed and 133 (8%) never
answered or were not interviewed because of illness,
impairment or other reasons. Thus, 1,321 eligible cases
were interviewed for a participation rate of 76% and an
overall response rate of 59% among the cases. The re-
sponse rates within pathologic subgroups were 67%
for follicular, 51% for diffuse, 47% for T cell, and 60%
for other/unknown type of NHL cases.

Of the 2,409 eligible controls, 28 (1%) died before con-
tact, 311 (13%) could not be located, and 24 (1%) had
moved out of the area. We contacted the other 2,046, but
839 (41%) declined to be interviewed and 150 (6%) never
answered or were not interviewed because of illness,
language, or other reasons. Thus, 1,057 eligible controls
were interviewed for a participation rate of 52% and an
overall response rate of 44%. Case and control participa-
tion and response rates were highest in Iowa, higher
in women than men, and higher in White subjects than
others.

The present analysis of family history involved 689
cases and 535 controls who filled out the detailed self-
administered family history questionnaire.

Statistical Methods. We used two methods to assess
the association between risk of NHL and family history
of the disease (20). In the first approach, we fitted logistic
regression models with case-control status of the par-
ticipating subjects as the outcome and family history of
the subjects as the predictor. To examine the association
between NHL and family history of a specific cancer, we
defined family history as a binary variable indicating the
presence or absence of any first-degree family member
having the given cancer. The odds ratio [OR; approxi-
mately the same as relative risk (RR) for rare diseases]
estimate, associated with family history of NHL (or any
other cancer) in this analysis, gives a measure of familial
aggregation of NHL (or any other cancer). Because of the
detailed family history data available from this study,
we could examine familial aggregation of NHL with
not only hematolymphoproliferative cancers but also a
variety of other cancers. The interpretation of the sta-
tistical significance of the aggregation between NHL
and individual other cancers, however, requires caution
because of the large number of comparisons we make.
To address this multiple comparison problem, we also
did a global analysis in which we examined the asso-
ciation between NHL and all other cancers together. In
this analysis, for each NHL case and control, we counted
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the total number of other cancers the subject has in the
family. If a relative had multiple other cancers, each of
the cancers was counted separately. The association be-
tween NHL and total number of other cancers in family
was examined using the logistic regression model.

This simple logistic regression model described above
is the standard approach for analysis of family history
data from case-control studies, but it fails to account for
the family size and structure of each respondent and
neglects the information inherent in the affected relative’s
age at onset. We therefore used a second approach that
treats each relative of the study participants as a study
unit and examines the difference between age-specific
incidence of various cancers between relatives of the cases
and relatives of controls. Cases and controls who filled
out the detailed family history questionnaire provided
detailed disease history information, including the age at
onset and the current age for each of their first-degree
relatives. We considered these relatives as a cohort of
subjects who were followed from their birth until the
incidence of the cancer of interest or the censoring age
(i.e., the age of the relative at the time of the study or age
at mortality if the relative died before the study took
place). Standard methods for cohort data analysis, such
as Kaplan-Meier plots and Cox proportional hazard
regression models, were used to examine differences in
the incidence of different cancers between the cohort of
the relatives of cases and the cohort of the relatives of
controls. Because each relative is considered as a study
unit in this approach and the case-control status of the
index study participant is treated as his/her family
history, the family history variable in this approach
always corresponds to one relative; thus, the problem of

varying number of relatives does not arise. In this cohort
analysis approach, we also examined whether early/late
age at onset of NHL (defined as V50 or >50 years) could
be a stronger predictor of risk of cancers in the relatives
by considering three groups of relatives: relatives of
controls, relatives of cases with age at onset of NHL V50
years, and relatives of cases with age at onset of NHL >50
years. SEs and 95% confidence intervals (95% CI) of
variable estimates were obtained using robust methods
(21) that can account for potential correlation between
the relatives of the same subject. For tests of association,
we reported the P for the robust score (RS) test, which is
known to perform better than standard Wald test
(equivalent to whether 95% CI includes the null value)
for small sample sizes. All tests were two sided.

Results

Table 1 shows the demographic characteristics of the cases
and controls who completed the detailed self-adminis-
tered family history questionnaire. The proportion of
African American subjects was lower in cases than in
controls (10.2% versus 20.6%), whereas the distribution of
the other characteristics was similar in cases and controls.

Table 2 shows the estimated OR of NHL associated
with a family history of various hematolymphoprolif-
erative cancers as estimated by logistic regression with
adjustment for age, race, sex, center, and number of first-
degree relatives (approach 1: case-control analysis). A
positive family history of NHL was associated with a
2-fold increased risk of NHL. The estimate of familial
aggregation from this approach, however, was not sta-
tistically significant. Based on the formula of population
attributable fraction as Pr(ExposurejD = 1) � (1 � 1 / RR)
(22), we estimated that approximately 1.4% of the cases
in the population could be attributed to family history of
NHL or lymphomas not otherwise specified.

Figure 1 shows the Kaplan-Meier incidence curves for
four hematolymphoproliferative cancers among first-
degree relatives of cases and controls and Table 3 shows
the corresponding hazard ratio (HR) estimates from
proportional hazard models (approach 2: cohort analysis).
The estimated cumulative incidence of NHL at all ages

Table 1. Characteristics of cases and control*

Control (%), n = 535 Case (%), n = 689

Gender
Male 265 (49.5) 358 (52.0)
Female 270 (50.5) 331 (48.0)

Age (y)
<35 32 (6.0) 36 (5.2)
35–44 56 (10.5) 75 (10.9)
45–54 110 (20.6) 149 (21.6)
55–64 126 (23.5) 185 (26.9)
65+ 211 (39.4) 244 (35.4)

Study center
Detroit 92 (17.2) 164 (23.8)
Iowa 122 (22.8) 171 (24.8)
Los Angeles 173 (32.3) 192 (27.9)
Seattle 148 (27.7) 162 (23.5)

Race
African American 110 (20.6) 70 (10.2)
White 390 (72.9) 566 (82.1)
Other/unknown 35 (6.5) 53 (7.7)

Mean no. relatives
Brothers 1.4 1.5
Sisters 1.5 1.5
Sons 1.2 1.2
Daughters 1.2 1.2
All relatives 7.3 7.4

*Restricted to subjects assigned to receive the detailed family history
questionnaire.

Table 2. NHL cases compared with NHL controls: OR
for NHL according to family history of hematolym-
phoproliferative cancers

Controls Cases OR* 95% CI

No multiple myeloma/
Hodgkin’s lymphoma/
NHL/leukemia

372 490 1.00 Reference

NHL 5 16 2.06 0.73– 5.76
Lymphoma not

otherwise specified
6 11 1.17 0.42– 3.23

NHL or lymphoma not
otherwise specified

11 27 1.56 0.75– 3.22

Hodgkin’s lymphoma 5 11 1.67 0.55– 5.05
Leukemia 18 25 1.12 0.59– 2.13
Multiple myeloma 7 4 0.47 0.13– 1.67
NHL/Hodgkin’s

lymphoma/multiple
myeloma/leukemia

40 64 1.17 0.76– 1.81

*Adjusted for age, sex, race, center, and number of relatives.
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was higher in the relatives of cases compared with the
relatives of controls (HR, 2.85; 95% CI, 0.95–8.53; P for RS
test, 0.04). Cumulative incidence of Hodgkin’s lymphoma
was slightly and nonsignificantly elevated in relative of
cases compared with relatives of controls (HR, 1.27; 95%
CI, 0.42–3.86; P for RS test, 0.66). No such elevation in risk
was observed for leukemia (HR, 0.77; 95% CI, 0.39–1.53; P
for RS test, 0.46) or multiple myeloma (HR, 0.38; 95% CI,
0.10–1.52; P for RS test, 0.18). These HR estimates did not
change when we adjusted for sex, race, and birth year.

NHL status of the study participants seemed to be a
predictor for risk of NHL in siblings (HR, 7.59; 95% CI,
0.98–58.8; P for RS test, 0.012) but not for parents or off-
spring (HR, 1.26; 95% CI, 0.30–5.27; P for RS test, 0.75).
When we grouped NHL and unspecified lymphomas
together, a similar pattern of sibling-specific risk was
observed (Table 3). NHL status of the study participants
also seemed to be predictor for risk of NHL in men
(HR, 6.19; 95% CI, 0.77–50.0; P for RS test, 0.03) but not
in women (HR, 1.75; 95% CI, 0.46–6.74; P for RS test, 0.39).
A similar pattern of male-specific risk was also observed
for NHL and unspecified lymphomas combined (Table 3).

Table 4 shows estimated HRs associated with different
hematolymphoproliferative cancers stratified by charac-
teristics of cases. No appreciable difference in risk for
NHL in relatives was observed by age at onset of the
cases. The risk of Hodgkin’s lymphoma seems to be
elevated for the relatives of younger cases (HR, 3.19; 95%
CI, 0.88–11.6; P for RS test, 0.15), although the result did
not achieve statistical significance. Risk of NHL seems
to be stronger for relatives of cases with follicular than
with diffuse NHL, but this pattern of heterogeneity
was much less prominent when NHL and unspecified
lymphomas were combined in the relatives. It was dif-
ficult to estimate the risks of Hodgkin’s lymphoma, leu-
kemia, and multiple myeloma among relatives according
to the pathologic subtypes of NHL in the cases because of
small numbers.

Table 5 shows the estimated RR of NHL associated
with a family history of 20 other cancers as estimated by
logistic regression (approach 1). The risk of NHL was
modestly elevated with a family history of a variety of
different cancers; these individual associations, however,
were not statistically significant, except marginally for

Figure 1. Cumulative in-
cidence of hematolym-
phoproliferative cancers
among first-degree rela-
tives of NHL cases and
NHL controls.

Table 3. Relative of NHL cases compared with relatives of NHL controls: HRs for hematolymphoproliferative
cancers according to characteristics of the relatives

NHL NHL/lymphoma not
otherwise specified

Hodgkin’s lymphoma Leukemia Multiple myeloma

All first degree 2.85 (0.95–8.53) 1.71 (0.84– 3.47) 1.27 (0.42–3.86) 0.77 (0.39– 1.53) 0.38 (0.10– 1.52)

Relative type
Parents/children 1.26 (0.30–5.27) 1.00 (0.43– 2.37) 1.73 (0.53–5.60) 0.71 (0.31– 1.61) 0.46 (0.11– 1.91)
Siblings 7.59 (0.98–58.8) 3.74 (0.81– 17.4) 0.36 (0.03–4.03) 0.95 (0.26– 3.54) NA

Relative gender
Female 1.75 (0.46–6.74) 1.17 (0.48– 2.83) 0.58 (0.13–2.58) 0.77 (0.27– 2.18) 0.13 (0.02– 1.05)
Male 6.19 (0.77–50.0) 3.38 (0.97– 11.8) 2.66 (0.56–12.7) 0.77 (0.31– 1.93) NA

NOTE: NA, estimates were not available or unstable due to small numbers.
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prostate and stomach cancer. Using the cohort analysis
approach (approach 2), we found stronger evidence for
an increased risk of melanoma of the skin (HR, 2.89;
95% CI, 1.08–7.75; P for RS test, 0.02) and pancreas cancer
(HR, 2.06; 95% CI, 0.96–4.43, P for likelihood ratio test,
0.05) among relatives of cases compared with relatives of
controls. Some of these individual associations, however,
may have occurred due to chance because of the large
number of significance tests. Table 6 shows the RR of
NHL (approach 1) associated with family history of all
other cancers combined. We observed a 50% higher
likelihood that cases would report three or more of the
other cancers in their family (OR, 1.51; 95% CI, 0.87–2.62);
the P for trend test was 0.09.

Discussion

In summary, our findings agree with other reports (8, 10
10-15) of NHL aggregating within families. Our data

suggest that familial risk for NHL may be specific to
siblings and to men. We find some evidence for increased
risk of Hodgkin’s lymphoma for relatives of early-onset
NHL cases. We found no evidence of aggregation of NHL
with leukemia or multiple myeloma in this study. Anal-
ysis of various other cancers provides modest evidence
for familial aggregation of NHL with melanoma of the
skin, stomach cancer, pancreatic cancer, and prostate
cancer. Analysis of risk of NHL by family history of all
other cancers together suggested a possible association
between the risk of NHL and the total number of other
cancers in family, but the possibility of differential
recollection of reporting cannot easily be dismissed.

This study had several strengths. With its population-
based design, the estimates of the RR associated with
family history should represent the general population,
allowing estimate of the population attributable fraction.
Another strength was the availability of detailed data
on dates of birth, death, and cancer occurrence in all
family members. This detailed family history informa-
tion enabled us to account for the number of relatives
and to use the valuable information conveyed by the
age at onset.

On the other hand, there are several limitations of
the study. The small number of subjects with a family
history of each specific type of cancer resulted in wide
95% CI for risk estimates. In addition, due to these small
numbers, we could not study race-specific familial aggre-
gation patterns. Family history of cancer relied on self-
report, so differential recall of family history by cases and
controls could have introduced bias into our estimation
of RR. Other reports of recalling cancers in first-degree
relatives suggest that reporting is fairly complete and
accurate for cancers in general and for lymphoma in
particular (23).

Table 4. Relatives of NHL cases compared with relatives of NHL controls: HRs for hematolymphoproliferative
cancers according to characteristics of the cases

Case characteristics NHL NHL/lymphoma not
otherwise specified

Hodgkin’s lymphoma Leukemia Multiple myeloma

Age at onset (y)
V50 2.37 (0.46–12.2) 1.64 (0.52– 5.15) 3.19 (0.88–11.6) 0.49 (0.11– 2.10) NA
>50 2.94 (0.96–8.96) 1.72 (0.84– 3.56) 0.80 (0.22–2.84) 0.83 (0.41– 1.68) 0.47 (0.12– 1.86)

Pathology group
T cell NA NA NA 0.68 (0.09– 5.25) 1.76 (0.22– 14.2)
Diffuse 1.34 (0.25–7.15) 1.56 (0.61– 4.02) 1.32 (0.31–5.66) 0.66 (0.22– 1.95) NA
Follicular 4.45 (1.27–15.6) 2.00 (0.81– 4.95) 2.00 (0.52–7.67) 1.12 (0.45– 2.84) NA
Other/unknown 3.37 (0.99–11.4) 1.93 (0.85– 4.40) 0.99 (0.23–4.26) 0.62 (0.23– 1.68) 0.66 (0.13– 3.27)

NOTE: NA, estimates were not available or unstable due to small numbers.

Table 5. NHL cases compared with NHL controls: other
cancers reported on detailed family history (more than
one could be mentioned per case-control subjects)

Controls Cases OR* 95% CI Pr > v2

Brain and other
nervous system

14 17 0.80 0.38– 1.68 0.56

Female-breast 54 76 1.04 0.70– 1.53 0.85
Cervix uteri 13 8 0.43 0.17– 1.08 0.07
Colon/rectum 46 53 0.80 0.52– 1.24 0.31
Corpus uteri 11 16 1.02 0.46– 2.26 0.96
Esophagus 2 6 2.28 0.45– 11.5 0.32
Kidney/renal pelvis 8 15 1.19 0.49– 2.89 0.70
Larynx 1 2 1.41 0.13– 15.9 0.78
Liver and intrahepatic

bile duct
11 19 1.27 0.59– 2.77 0.54

Lung and bronchus 43 76 1.39 0.92– 2.09 0.12
Melanoma of the skin 8 20 1.62 0.70– 3.76 0.26
Oral cavity and

pharynx
11 21 1.27 0.59– 2.72 0.54

Ovary 10 15 0.99 0.43– 2.28 0.98
Pancreas 11 26 1.67 0.80– 3.49 0.18
Prostate 41 72 1.50 0.98– 2.29 0.06
Stomach 12 29 1.94 0.96– 3.93 0.07
Testis 5 3 0.46 0.11– 1.97 0.29
Thyroid 2 5 2.59 0.49– 13.8 0.27
Urinary bladder 6 12 1.39 0.51– 3.78 0.53

*Adjusted for age, sex, race, center, and number of relatives.

Table 6. NHL cases compared with NHL controls: total
number of other cancers reported on detailed family
history

Controls Cases OR* 95% CI

No. cancer in all relatives
0 228 294 1.00
1 – 2 203 278 1.05 0.81– 1.37
3+ 23 46 1.51 0.87– 2.62

P for trend 0.09

*Adjusted for age, sex, race, center, and number of relatives.
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Another limitation was that the high rate of nonre-
sponse could have introduced bias if cases and controls
differentially participated based on their family history.
The estimate of risk from family history did not change
appreciably when we adjusted for education level, a
measure of social class likely to be related to response
rate. Moreover, our findings remained similar when we
restricted our analysis to only White subjects among
whom the participation rate was higher for both cases
(78%) and controls (55%). Consistency of our estimates
with other studies also argues against a major response
bias by family history.

Our overall finding of familial aggregation of NHL has
been noted in other studies. A population-based case-
control study in Iowa and Minnesota reported a
significantly increased risk of NHL in individuals with
a history of lymphoma in siblings (OR, 3.8; 95% CI, 1.3–
11.5) but not with a history of lymphoma in parents (OR,
1.5; 95% CI, 0.5–4.2; ref. 11). A multicenter case-control
study of men in the United States reported a significantly
increased risk of NHL in individuals with a family his-
tory of lymphoma (OR, 3.0) as well as hematologic can-
cers (OR, 2.0; ref. 8). This study, however, found no
significant difference in the effect of family history
by type of relative. A case-control study in Yorkshire,
United Kingdom reported a significantly increased risk
of NHL in individuals with a family history of leukemia
or lymphoma in first-degree relatives (OR, 4.0; ref. 10).
None of the above case-control studies evaluated the
separate effects of family history of NHL and Hodgkin’s
lymphoma on the risk of NHL and the sex-specific
familial aggregation of these diseases. A hospital-based
study in France reported increased incidence of Hodg-
kin’s lymphoma in relatives of children with NHL com-
pared with the general population, but the result did not
achieve statistical significance (24).

Our results should also be compared with registry-
based studies. Based on genealogy, cancer registry, and
death certificates in the Utah Population Database,
Cannon-Albright et al. (12) reported a familial aggrega-
tion of NHL, although their measure of familial aggre-
gation is not directly comparable with either the OR
or the HR estimate that we report in the current study.
Using the same database, Goldgar et al. (13) compared
observed numbers of cancer with expected numbers for
the underlying Utah population. The resulting measure
of standardized incidence ratio (SIR) is comparable with
the HR we obtained in the cohort analysis approach for
cancer incidence in the relatives (approach 2). This study
reported an overall modest increase in risk of NHL
among relatives of NHL cases (SIR, 1.68; 95% CI, 1.04–
2.48) but noted that the aggregation to be present only
for male (SIR, 3.18; 95% CI, 1.58–5.33) but not for female
(SIR, 1.09; 95% CI, 0.20–2.66). Paltiel et al. (14) used cancer
registry and family database in Israel to estimate the
SIR for lymphoma among first-degree relatives of lym-
phoma cases to be 1.49 (95% CI, 0.91–2.31). These authors
also reported a stronger elevation of risk for siblings
(SIR, 2.68; 95% CI, 1.15–5.27). Dong and Hemminki (15)
used a Swedish family cancer database to report the SIR
for lymphoma in offspring and sibling of lymphoma
patients to be 1.61 (95% CI, 1.16–2.26) and 2.26 (95% CI,
0.87–2.97), respectively. The latter two registry-based
studies, however, did not investigate sex-specific fam-

ilial aggregation. Goldin et al.6 used familial data from a
study based on linked cancer and population registries
in Sweden and Denmark. The Swedish/Danish study
includes f70,000 first-degree relatives of >25,000 NHL
cases. The authors computed HRs from survival analysis
comparing the first-degree relatives of case probands
with the first-degree relatives of matched control pro-
bands (same as approach 2 in our analysis). Pooled HRs
for the two populations were obtained. Relatives of cases
were at significantly increased risk for NHL (HR, 1.7;
95% CI, 1.39–2.16) and Hodgkin’s lymphoma (HR, 1.4;
95% CI, 1.00–1.97).

In our study, we found no evidence of familial
aggregation of NHL with leukemia and multiple mye-
loma. Only a few studies in the past have investigated
these associations. A case-control study based in the
United States (11) reported some evidence of increased
risk of NHL with family history of leukemia (OR for
parents, 1.9; 95% CI, 0.9–4.3; OR for sibling, 1.5; 95% CI,
0.6–3.1). A large registry-based study in Sweden (15), on
the other hand, reported familial aggregation of lym-
phoma with myeloma (SIR for parents, 1.5; 95% CI, 1.05–
2.11) but not with leukemia. The recent study of
Goldin et al. quoted above found weak and nonsignif-
icant increased risk of chronic lymphoid leukemia in
relatives of NHL cases. Leukemia, like lymphoma,
encompasses a wide variety of distinct malignancies;
thus, the mixing of histologies of leukemia and lympho-
ma may well hide some strong associations between
related histotypes. Exploration of those relationships
requires a large number of cases and access to detailed
medical records of relatives. Myeloma, another rare
malignancy, also may have an association with NHL
that was missed by current and other studies due to
small numbers.

The pattern of male-specific and sibling-specific
familial aggregation of NHL we observed in our study
is intriguing. Several previous studies have also sug-
gested such pattern familial aggregation for siblings
(11, 15) and for males (13). These patterns, if confirmed
in future studies, may provide important information
on mechanisms of familial aggregation of NHL, includ-
ing possible involvement of early environmental expo-
sures and a role for X-linked or recessive genes (25).
Previous study has reported familial aggregation of NHL
to be similar for monozygotic and dizygotic twins (26),
suggesting major role of environmental exposures that
are shared between siblings.

We found a suggestion that NHL may aggregate with
four specific other cancers: prostate, pancreas, stomach,
and melanoma of the skin. Familial aggregation of NHL
with prostate, pancreas, and stomach cancers has been
reported in the past in other studies (11, 13). Moreover,
several second cancer studies (27, 28) have reported the
risk of melanoma to be higher among survivors of
NHL cases than in the general population, suggesting
a possible treatment effect and/or common etiologic
factors. Two recent studies (15, 25) have reported familial
aggregation (between same site) for prostate, stomach,
and melanoma to be significantly higher for siblings
than parent/offspring, a pattern similar to our findings

6 Unpublished data.
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for NHL. Two caveats apply. First, due to the large
number of associations we tested, some of the site-
specific positive findings arose by chance alone. Second,
the nonspecificity of the association suggests that cases
and controls may have differentially recalled and
reported cancer. Risk of NHL may be associated with
some nonhematologic cancers, but more research, espe-
cially from registries and cohort studies, is needed to
confirm the association.

This report adds to the growing body of evidence on
familial aggregation of NHL with hematolymphoproli-
ferative and other cancers. Future research should
consider the use of population-based and family-based
studies to determine the inheritance pattern of NHL and
to search for candidate genes. Population-based studies
may be pooled to estimate familial risks more accurately
and to determine which histologic types are likely to
occur together. These and other studies suggest that only
a small fraction of NHL is inherited. Further, familial
aggregation may include some nongenetic contribution,
but inherited susceptibility seems likely to account for
some of the clustering within families. Finding the
responsible genes may also shed light on the etiology
of nonfamilial NHL.
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